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[SPLIT-GATE FLASH MEMORY 
STRUCTURE AND METHOD OF 
MANUFACTURE] 

Background of Invention 

[0001 ] Field of Invention 

[0002] The present invention relates to a method of manufacturing flash memory. More 
particularly, the present invention relates to a split-gate flash memory structure and a 
corresponding manufacturing method. 

[0003] Description of Related Art 

[0004] Flash memory is a type of memory that permits multiple read/write and erase 

operations. Since stored data is preserved even if power to the device is cut off, flash 
memory is widely used as a non-volatile memory device in personal computers and 
electronic equipment. 

[0005] A typical flash memory unit has doped polysilicon layers to function as floating 
gate and control gate and a substrate. The floating gate and the control gate are 
separated from each other by a dielectric layer. Meanwhile, the floating gate and the 
substrate are separated from each other by a tunnel oxide layer. To write/erase data, 
a bias voltage is applied to the control gate and the source/drain region so that 
electrons are injected into the floating gate or the electrons are pulled out from the 
floating gate. To read data off the flash memory, an operating voltage is applied to 
the control gate so that the charge-up state of the floating gate will affect the on/off 
state of the underlying channel. The on/off status of the channel determines the read- 
out to be a logic level "1" or "0". 
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[0006] To erase data from the flash memory, the substrate, the drain (source) terminal or 
the control gate is at a relatively high potential. Tunneling effect is utilized so that 
electrons penetrate through a tunnel oxide layer to the substrate or drain (source) 
terminal (that is, the substrate erase or drain (source) side erase) or pass through the 
dielectric layer into the control gate. However, in erasing data inside the flash 
memory, the quantity of electrons bled out of the floating gate during a flash memory 
erasing operation is difficult to control. Ultimately, too many electrons may bleed out 
from the floating gate leading to a state often referred to as over-erasure. Severe 
over-erasure may result in a conductive channel forming underneath the floating gate 
even without the application of an operating voltage and hence lead to erroneous 
read-out data. To reduce the over-erase problem, most flash memory deploys a split- 
gate design. A major aspect of a split-gate flash memory is that, aside from the 
portion over the floating gate, a portion of the control gate is lying over the substrate 
with a gate dielectric layer formed between the two layers. With this arrangement, a 
conductive channel is prevented from forming underneath the control gate so that the 
source/drain regions remain non-conductive and data read-out errors are minimized. 
However, the each split-gate unit occupies a memory cell area larger than a 
conventional erasable programmable read-only-memory with tunnel oxide (ETOX). 
Hence, the flash memory has an overall level of integration slightly below other types 
of memory design. 

Summary of Invention 

[0007] Accordingly, one object of the present invention is to provide a split-gate flash 
memory having a floating gate and a select gate fabricated on a trench in a substrate 
so that size of each memory cell is reduced. 

[0008] 

To achieve these and other advantages and in accordance with the purpose of the 
invention, as embodied and broadly described herein, the invention provides a 
method of manufacturing split-gate flash memory. A patterned hard mask layer is 
formed over a substrate. A shallow trench isolation structure is formed in the 
substrate. Then, using another patterned mask layer as an etching mask, a trench is 
formed in the substrate. A tunnel oxide layer is formed over the interior surface of the 
trench. Thereafter, a first conductive layer is formed inside the trench. Using an 
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etching back process, the upper surface of the first conductive layer is below the 
upper surface of the substrate. The hard mask layer and the exposed portion of the 
tunnel oxide not being covered by the first conductive layer are sequentially removed. 
A gate dielectric layer is formed over the first conductive layer. After an etching back 
process, a portion of the gate dielectric layer still remains on the first conductive 
layer. A conformal first dielectric layer is formed over the substrate. A second 
conductive layer is formed over the substrate such that the trench is completely filled. 
A source/drain region is formed in the substrate on each side of the second 
conductive layer. The first conductive layer serves as a floating gate while the second 
conductive layer serves as a select gate. 

[0009] In the process of forming the gate dielectric layer over the first conductive layer, a 
conformal second dielectric layer is formed on the interior surface of the trench 
followed by forming a photoresist layer inside the trench. By an etching back process, 
the photoresist layer then partially fills the trench and exposes a large portion of the 
second dielectric layer. Thereafter, the exposed portion of the second dielectric layer 
is removed to form the gate dielectric layer on the upper surface of the first 
conductive layer. Hence, the gate dielectric layer is formed between the select gate 
and the floating gate, and at each side of the select gate by a small portion. Since the 
floating gate and the select gate are fabricated within a substrate trench, overall 
dimension of each memory cell is reduced and overall level of integration for the 
split-gate memory is increased. 

[0010] This invention also provides a split-gate flash memory structure. The flash 

memory at least includes a substrate with a trench therein, a floating gate, a select 
gate and a source/drain region. The floating gate is formed inside the trench. The 
upper surface of the floating gate is below the substrate surface. The select gate is 
also formed inside the trench above the floating gate. The select gate protrudes 
beyond the substrate surface. The source/drain region is formed in the substrate on 
each side of the select gate. The source/drain region and the floating gate are 
separated from each other by a distance. A tunnel oxide layer separates the floating 
gate from the substrate and a gate dielectric layer separates the floating gate from the 
select gate. A dielectric layer separates the select gate from the substrate. 
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[001 1] In this invention, the source/drain region and the floating gate are separated from 
each other by a distance. When a severe over-erase condition occurs so that a 
conductive channel is formed underneath the floating gate before any application of 
voltage to the control gate, the channel on the sidewall of the select gate remains 
shut. Hence, the source/drain regions remain non-conductive and erroneous data 
read-out is prevented. On the other hand, the operation current can only flow along 
the drain region through select gate channel, floating gate channel, and reach the 
source region. Also and, due to the isolation effect from the isolation structure, the 
operation current cannot flow along side to cause the conduction between the source 
region and the drain region. In addition, since the split-gate structure is formed inside 
a substrate trench, dimension of each memory cell can be further reduced and overall 
level of integration can be increased. 

[0012] It is to be understood that both the foregoing general description and the 

following detailed description are exemplary, and are intended to provide further 
explanation of the invention as claimed. 

Brief Description of Drawings 

[001 3] The accompanying drawings are included to provide a further understanding of 
the invention, and are incorporated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, together with the description, 
serve to explain the principles of the invention. In the drawings, 

[0014] Fig. 1 is a drawing, schematically illustrating a circuit architecture for the split- 
gate flash memory, according to the present invention; 

[001 5] Fig. 2 is a top view, schematically illustrating a structure of the split-gate flash 
memory, according to the present invention; 

[001 6] Figs. 3A-3B are schematic cross-sectional views showing the progression of steps 
for forming split-gate flash memory along the line 1-1" in Fig. 2, according to this 
invention; 



[0017] 



Figs. 4A-4G are schematic cross-sectional views showing the progression of steps 
for forming split-gate flash memory along the line 11-11" in Fig. 2, according to this 
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invention; and 

[001 8] Fig. 5 is a cross-secional view of the split-gate flash memory according to this 
invention. 

Detailed Description 

[001 9] Reference will now be made in detail to the present preferred embodiments of the 
invention, examples of which are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the drawings and the description to 
refer to the same or like parts. 

[0020] Fig. 1 is a drawing, schematically illustrating a circuit architecture for the split- 
gate flash memory, according to the present invention. A plurality of memory cells 
Qnl to Qn9, data lines DO to D2 and word lines W0 to W2 are shown in Fig. 2. The 
memory cells Qnl to Qn3 are serially connected before coupling to the data line DO. 
Similarly, the memory cells Qn4 to Qn6 are serially connected before coupling to the 
data line Dl and the memory cells Qn7 to Qn9 are serially connected before coupling 
to the data line D2. The word line W0 is connected to the control gate of the memory 
cells Qnl , Qn4 and Qn7. Similarly, the word line Wl is connected to the control gate 
of the memory cells Qn2, Qn5 and Qn8 and the word line W2 is connected to the 
control gate of the memory cells Qn3, Qn6 and Qn9. 

[0021] Fig. 2 is a top view of the split-gate flash memory according to this invention. As 
shown in Fig. 2, the split-gate flash memory comprises of a substrate 1 00, an 
isolation structure 102, an active region 104, a word line 106 and a memory cell 108. 
The isolation structure 1 02 is set up inside the substrate 1 00 for patterning out the 
active region 104. The word line 106 is set up above the substrate 100 perpendicular 
to the active region 104. The memory cell 108 is set up underneath the word line 
within the substrate 1 00 across the active region 1 04. In particular, the memory cell 
1 08 is set up inside a trench within the substrate 1 00. Memory cells 1 08 within the 
same active region 1 04 are connected together before coupling to a data line (not 
shown). 

[° 022 ^ In the following, the process to fabricate the split-gate flash memory is described. 
Figs. 3A-3B are schematic cross-sectional views showing the progression of steps for 
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forming split-gate flash memory along the line 1-1" in Fig. 2, according to this 
invention. Figs. 4A-4C are schematic cross-sectional views showing the progression 
of steps for forming split-gate flash memory along the line 11—11" in Fig. 2, according to 
this invention. The same reference numerals indicate the same element. 

[0023] Referring to Fig. 3A and Fig. 4A, a substrate 200 such as a semiconductor silicon 
substrate is provided. A pad oxide layer 202 and a mask layer 204 are sequentially 
formed over the substrate 200. The pad oxide layer 202 includes, for example, silicon 
oxide, and is formed by, for example, a thermal oxidation process. The mask layer 
204 includes, for example, silicon nitride, and is formed by, for example, chemical 
vapor deposition (CVD). Then, a shallow trench isolation structure 205 is formed in 
the substrate 200. The shallow trench isolation structure 205 is, for example, a line 
layout. The method to form the shallow trench isolation structure 205 in the substrate 
200 includes, for example, forming a photoresist layer (not shown) on the mask layer 
204. Then the photolithographic and etching processes are performed to pattern the 
mask layer 204 and the pad oxide layer 202, so as to form an opening to expose the 
substrate. Then, using the mask layer 204 as a mask, an etching pr4ocess is 
performed, so as to form a number of trenches 203 in the substrate 200. The method 
to form the trenches 203 includes dry etching, such as a reaction ion etching process. 
An insulation layer is then formed over the substrate 200, wherein the trenches 203 
are filled. A planarization process is performed over the substrate to expose the mask 
layer 204. 

[0024] Referring to FIG. 3B and 4B, another photoresist layer (not shown) is formed on 
the mask layer 204. By carrying out photolithographic and etching processes, the 
mask layer 204 and the pad oxide layer 202 are patterned to form an opening (not 
shown) that exposes a portion of the substrate 200. Using the mask layer 204 as an 
etching mask, the exposed substrate 200 is etched to form a plurality of trenches 206 
in the substrate 200. The trenches 206 are formed, for example, by conducting a dry 
etching operation such as a reactive ion etching operation. As shown in Fig. 3B, the 
trenches 206 are located between the shallow trench isolation structures 205, and a 
bottom surface of the trench 206 is lower in height than the bottom of the shallow 
trench isolation structures 205. 
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[0025] A conformal dielectric layer 208 is formed over the substrate 200 covering the 
interior surface of the trenches 206 as well. The dielectric layer 208 can be a silicon 
oxide layer formed by thermal oxidation or low-pressure chemical vapor deposition, 
for example. In the following Figs. 4C-4G are the fabrication process with respect to 
the structure along the line ii-ii" in Fig. 2. 

[0026] As shown in Fig. 4C, a conductive layer (not shown) is formed over the substrate 
200. The conductive layer is a doped polysilicon layer formed, for example, by 
depositing an undoped polysilicon layer in a chemical vapor deposition. Then, 
impurity ions are implanted into the undoped polysilicon. Finally, the doped 
polysilicon layer is etched back to remove the portion of the conductive layer on the 
substrate 100 and a portion of the conductive layer inside the trench 206. Hence, only 
a portion of the conductive layer 210 remains inside the trench 206 so that the upper 
surface of the conductive layer 21 0 is below the upper surface of the substrate 200. 
The conductive layer 21 0 serves as a floating gate for the flash memory. Thereafter, 
the exposed dielectric layer 208 over the substrate 200 is removed to form a dielectric 
layer 208a. The dielectric layer 208a serves as a tunnel oxide layer of the split-gate 
flash memory. 

[0027] As shown in Fig. 4D, a conformal dielectric layer 21 2 is formed over the 
conductive layer 210 (the floating gate). The dielectric layer 212 is an 
oxide/nitride/oxide composite layer formed, for example, by a low-pressure chemical 
vapor deposition. Note that the dielectric layer 212 can also be a silicon oxide layer or 
an oxide/nitride composite layer as well. A photoresist layer 214 is formed inside the 
trench 206. The photoresist layer 214 only partially fills the trench 206 and the upper 
surface of the photoresist layer 214 is below the upper surface of the substrate 200. 
The photoresist layer 21 4 is formed, for example, by coating a photoresist layer (not 
shown) over the substrate 200 and etching to remove the photoresist layer above the 
substrate 200 surface and some inside the trench 206. The remaining photoresist 
layer 214 inside the trench 206 has a thickness between about 100 A to 200 A . 



As shown in Fig. 4E, the exposed dielectric layer 212 is removed to form a 
dielectric layer 212a inside the trench 206. The dielectric layer 212a serves as a gate 
dielectric layer of the flash memory. The dielectric layer 1 12 is removed, for example, 



[0028] 
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by wet etching using hot phosphoric acid as an etchant. After removing the 
photoresist layer 214, a dielectric layer 216 is formed over the substrate 100 and the 
sidewalls of the trench 206. The dielectric layer 216 can be a silicon oxide layer 
formed, for example, by thermal oxidation or low-pressure chemical vapor 
deposition. 

[0029] As shown in Fig. 4F, another conductive layer 21 8 is formed over the substrate 

200 filling the trench 206. The conductive layer 218 can be a doped polysilicon layer, 
for example. The conductive layer 218 serves as a control gate of the flash memory. 
The conductive layer 21 8 is formed, for example, by conducting an in-situ ion doping 
in a chemical vapor deposition to form a conductive layer (not shown) that completely 
fills the trench and patterning the conductive layer thereafter. An ion implantation 220 
is conducted to form a lightly doped region 222 in the substrate 200 on each side of 
the conductive layer 2 1 8. 

[0030] As shown in Fig. 4G, a spacer 224 is formed on the sidewalls of the conductive 

layer 218. The spacers 224 are formed, for example, by depositing insulating material 
to form an insulation layer (not shown) and removing a portion of the insulation layer 
in an anisotropic etching operation thereafter. The insulation layer can be a silicon 
oxide or a silicon nitride layer, for example. Thereafter, using the conductive layer 
218 with the spacer 224 attached thereon as a mask, an ion implantation 226 is 
conducted to form a heavily doped region 228 in the substrate 200 on each side of 
the conductive layer 21 8. The lightly doped region 222 and the heavily doped region 
228 together form a source/drain region of the flash memory. Since conventional 
methods are used in the remaining steps to form the flash memory, detailed 
descriptions are omitted. 

[0031] 

The split-gate flash memory in Fig. 5 has a substrate 300, a tunnel oxide layer 
302, a floating gate 304, a gate dielectric layer 306, a select gate 308, a dielectric 
layer 310, a spacer 312 and a source/drain region 314. The floating gate 304 is set 
up inside a trench 318 within the substrate 300. The floating gate 304 has an upper 
surface below the upper surface of the substrate 300. The tunnel oxide layer 302 is 
set up between the floating gate 304 and the substrate 300. The select gate 308 is set 
up inside the floating gate within the trench 318. The select gate 308 has an upper 
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surface that protrudes beyond the upper surface of the substrate 300. The gate 
dielectric layer 306 is set up between the floating gate 304 and the select gate 308. 
The dielectric layer 31 0 is set up between the select gate 308 and the substrate 300. 
The spacer 312 is attached to the sidewalls of the portion of select gate 308 that 
protrudes beyond the substrate 300 surface. The source/drain region 314 is set up in 
the substrate 300 on each side of the select gate 308. Furthermore, the source/drain 
region 314 and the floating gate 304 are separated from each other by a distance 
316. A lightly doped region 320 is set up between the source/drain region 314 and 
the select gate 308. 

[0032] When the split-gate flash memory carries out a data write/erase operation, a 
voltage is applied to the select gate 308. The gate voltage controls the injection of 
electrons through the tunnel oxide layer 302 into the floating gate or the pulling of 
electrons out of the floating gate 304 through the tunnel oxide layer 302. 

[0033] In this invention, the source/drain region 314 and the floating gate 304 are 

separated from each other by the distance 316. When severe over-erase condition 
occurs, so that a conductive channel is formed underneath the floating gate before 
any application of voltage to the control gate, a channel 322 on the sidewall of the 
select gate 308 remains shut. Hence, the source/drain region 314 remains non- 
conductive and erroneous data read-out is prevented. In addition, since the split-gate 
structure is formed inside a substrate trench, dimension of each memory cell can be 
further reduced and overall level of integration can be increased. 

[0034] It will be apparent to those skilled in the art that various modifications and 

variations can be made to the structure of the present invention without departing 
from the scope or spirit of the invention. In view of the foregoing, it is intended that 
the present invention cover modifications and variations of this invention provided 
they fall within the scope of the following claims and their equivalents. 
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